Introduction
It has been reported that anaphase analysis is less sensitive in the detection of chromosome rearrangements than the cytogenetic examination of metaphase (1) (2) (3) ; however, our results show that this system has a high degree of sensitivity in the identification of compounds that induce not only chromosomal lesions but also those alterations which lead to defective chromosomal segregation. It is even possible to determine in the same material the percent of polynucleated cells, a useful indicator of chromosome damage (4) . This system of anaphase analysis also has the advantages in comparison with the study of metaphase of being more rapid and economic and of not requiring previous experience in cytogenetics.
The types and possible origin of the anomalies detected in this system are bridges (dicentric chromosomes); lag chromosomes (centromere loss, centromere malfunction, microtubule alterations); sticky chromosomes (telomeric region damage, modification of chromosomal proteins); multipolar spindle (centriole anomalies, microtubule modifications).
It has been shown that compounds that act directly on DNA can produce dicentric chromosomes, acentric chromosomes, or the loss of the telomere, which results respectively in the formation of bridges, lag chromosomes, and sticky chromosomes (5-10). The interaction of chemical agents with chromosomal proteins or with the mitotic apparatus proteins also appear to contribute to the induction of lag chromosomes, sticky chromosomes, and the formation of multipolar spindles.
Characteristics of the Test
The biological material employed to carry out this test was the Chinese hamster ovary (CHO) cell line; as it is easy to manipulate and to synchronize, can grow indefinitely, has high plating efficiency, a short generation time (12 Periodic microscopic examination is carried out to determine the optimum time for fixation with adequate number anaphases. The cells are fixed for 15 min by the direct addition of 1 ml of acetic acid to the culture medium; thereafter this medium is removed and 5 ml fixative (acetic acid; methanol, 1:3) is added, after which the cells are stained with 2% of acetic-orcein, washed with destilled water and mounted.
Five hundred anaphases are analyzed per dose and cytotoxic effects are measured indirectly in 2000 cells by means of the mitotic index for each experiment. The type of anomalies detected in the anaphase system are shown in Figure 1 .
CHO cells have approximately 12.97% ± 3.88 of spontaneous abnormalities. The relative proportions of each type on the population are: bridges, 4.27 ± 1. l9o; sticky chromosomes, 0.80 ± 0.40%; chromosome lag, 5.57 ± 1.57%; multipolar spindles, 2.27 ± 1.61%.
Anaphase Anomalies Induced by Chemical Agents Table 1 shows the results of the studies carried out on a group of chemicals tested in this system in the laboratory of M. Legator (UTMB Galveston Texas). These compounds were divided into alkylating, intercalating, and anesthetic agents. Several other compounds were selected for its study at the University of Mexico. They include: ethylene glycol bis(2-aminoethyl ether-N,N'-tetraacetic acid) (EGTA) chosen as a chelating agent of Ca2 , PCMB for its capacity to block thiol groups, glycerol to compare its effects with those of DMSO, KCI for its membrane depolarizing capacity, and H20 to study the effect of osmolarity changes.
Of the alkylating and intercalating agents only triethylene melamine (TEM) and acetoxyacetylaminofluorene (acetoxy-AAF), which do not have sulfur-or phosphorus-containing functional groups, did not produce a notable increase in multipolar spindles. This suggests that this type of anomaly, observed with the other compounds, was due fundamentally to the action of electronegative groups such as sulfonates, sulfoxides and phosphamides.
The difference between the effects of volatile and nonvolatile anesthetic chemicals, indicate that both volatility and solubility, as reported by Ostergren (12, 13) for the production of c-mitosis), are important factors in the induction of mitotic aberrations. As is seen from Table 1 , there is a great increase in chromosome lag and multipolar spindles with highly volatile compounds such as CCl4, (DMSO), or tetrakis(hydroxymethyl)phosphonium sulfate (THPS) in comparison with the effects induced by nonvolatile compounds such as methadone and naltraxone.
The presence of sticky chromosomes has been associated with the action of compounds having intercalating capacity (9, 10) . We tested only one compound of this type, acetoxy-AAF, and the results obtained appear to support this hypothesis. In the case of Hycanthone, which has both alkylating and intercalating activities (M. Legator, personal communication), a high increase of sticky chromosomes was also observed.
It has been reported that exposure to alkylating agents leads to chromosomal breaks which produce bridges and chromosome lag during anaphase (5, 6, 8) . In our study, this association was observed principally with TEM. The other alkylating agents, ethyl methanesulfonate (EMS), Hycanthone, and Cytoxan, which possess electronegative groups, as mentioned, produce in addition to chromosome lag and bridges, multipolar spindles and sticky chromosomes. This action has been considered to be brought about by the effect of the drugs on the thiol (-SH) groups of the chromosomal proteins and other proteins that participate in mitosis, as these groups behave as nucleophilic centers like DNA purines and pyrimidines.
A linear dose effect was found for the alkylating and intercalating compounds (L. E. Coutifio and (17) (18) (19) . Changes in osmolarity induced a weak increase in almost all the anomalies considered, perhaps as a result of the dilution of the components needed for chromosomal segregation or by high hydrostatic pressure (20) (21) (22) . It has been reported that hypotonic treatments can also induce multinucleated cells (23) and c-mitosis (7). None of these compounds had cytotoxic effects at the concentrations that produced chromosomal anomalies. The substances that gave a multipolar spindle increase, were mainly the anesthetics and derivates of sulfonic acid such as THPS, EMS, DMSO, and Hycanthone. There is evidence that indicate that derivates of sulfonic acid affect microtubule polymerization in vitro (24) . This effect could be a result of their electronegativity that contribute to hydrogen bond formation with free thiol groups of the mitotic apparatus, or from the cell membrane. It seems also that the induction of multipolar spindles by anesthetic compounds is mediated by the cell membrane, this suggests that membranes could play a role in the formation and polarity of the mitotic apparatus (25) (26) (27) . Table 2 shows a comparison between the results obtained by using anaphase analysis and those generated on other test systems (28) (29) (30) (31) (32) (33) in the case of alkylating and intercalating agents, there is a high degree of agreement among the results of different tests, in that nearly all gave positive results. On the 
Conclusion
In summary, anaphase analysis has permitted the identification of mutagen which act not only at the chromosome level but also on the mitotic apparatus. The number of compounds studied is small and must be increased in order to validate the results of this test. It is also necessary to corroborate this results in other systems which detect defective chromosomal segregation and to determine if the chromosomal lag and the alterations in the mitotic spindle observed with the anesthetics lead to aneuploidy.
Epidemiological studies done in individuals exposed to anesthetics such as halothene or to chloropropene and vinyl chloride (which also have anesthetic properties) showed that such exposure elevates the incidence of spontaneous abortions by their wives (34) . This suggests genetic damage to the germ cells, and it remains to be demonstrated if this is a consequence of aneuploidy, which would give a prognostic value to the in vitro results obtained with compounds having anesthetic properties. It is also important to remark that other chemicals implied in human pathology (35) such as euphorizants, tranquilizers, or hormones, behave as anesthetics (14) . Several reports had shown that compounds as azaserine, organomercurials, nitrosoureas, divalent cations (As, Hg), antimitotic drugs such as benzimidazoles or malic hydrazine, can bind to free thiol groups or cysteine residues of several proteins as DNA repair enzymes, kinases, glutathione reductase, tubulin etc. modifying their activity (22, 3648) . All these data give strong support to the idea that proteins could also be targets for compounds that induce genetic damage.
